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Abstract
Based on the 250-passenger BWB configuration, the effect of the configuration of flap on BWB civil aircraft flight 
loading during takeoff and landing is studied by computational fluid dynamics. Flight loading varied with the flap 
deflection, area and the layout is discussed. It is shown the existence of flap makes the angle of attack smaller in 
takeoff and landing and aerodynamic forces and moment larger. In addition, it can change the loading distribution 
along span wise of the wing and affect the structural safety. Especially, increased pitch moment can make flight 
safety worse in takeoff and landing. In some cases, it is important that the function of flap is to improve the drag 
significantly and reduce the distance of taxiing to benefit to safety in landing. The airworthiness will have to be re-
evaluated before the flaps are used in BWB on basis of the structural and flight safety considerations according to 
CCAR25.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Airworthiness 
Technologies Research Center NLAA, and Beijing Key Laboratory on Safety of Integrated Aircraft and 
Propulsion Systems, China
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1. Introduction
With the development of civil aircraft in technology and design, the safety in operation has been 
guaranteed under the effort of designer and the government, and the rate of the accident has been 
decreased[1]. Making a general survey of all the accidents, most of them happened during takeoff and 
landing[2]. So, China Civil Aviation Regulation has provided references in CCAR25.105~25.125 about 
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transport type aircraft flight[3]. First of all, investigation on design of civil aircraft should be focused on 
takeoff and landing to obtain the greatest degree of assurance and improve security.
The aerodynamic efficiency, safety of structure and flight performance should be considered in
airfoil/wing design with restricted by safety of cruise and takeoff/landing. The existence of flap can 
improve the safety because of the lift increase and takeoff distance shortened in takeoff and the drag 
increase in landing. Now safety study on traditional layout is mature, but it is difficult to increase the lift-
drag ratio further. To get higher lift-drag ratio and better economical efficiency, Blended Wing Body 
(BWB) aircraft was proposed because of its smaller wetted area, larger lift-drag ratio, higher cruise 
efficiency, lower wing loading and better economical efficiency [4]. It is valuable to study the BWB on
effect of the configuration of flap on flight loading in takeoff and landing.
Based on our past study, 250-passenger BWB configuration is known and simple flap is as model.
Flight loading is investigated by changing the deflection, area and the layout of the flap in takeoff and 
landing. The changes in structural and flight safety due to flap design of Blended-Wing-Body civil 
aircraft is discussed.
2. Model and Method
2.1. Layout of the BWB
Model of a 250-passenger aircraft is from reference [5] (fig.1). The reference area and chord length are
S=315 m2 and c=10.5 m, respectively. Winglets are not considered because of the minor contribution [6]. 
Simple flap with the design parameters is introduced as follows: the deflection axis distance from leading 
edge l; the deflection angle of flap δ (defined as the angle between chord of airfoil and chord of flap) [7]. 
In order to simplify the layout of flap, only two cases are imitated in this study to keep some position for 
the aileron. Case 1 (flap just locates on ①) and Case 2 (flap lies on ① and② at the same time) are shown
in fig. 1. Effect of flap area on loading of takeoff/landing is investigated by changing location of the 
deflection axis from 0.2c to 0.3c.
Fig. 1 The sketch of layout (dashed is flap deflection axis)
2.2. Numerical computational method
In this paper computational fluid dynamics (CFD) is used to obtain the flow and aerodynamic forces 
around the aircraft. Non-dimensional parameters are defined as follows:
SρV.
L
CL 250
=                    (1)
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SρV.
D
CD 250
=                    (2)
ScρV.
M
CM 250
=                  (3)
ScρV.
M
C root_Xroot_X 250
=           (4)
where ρ is air density; V, c and S are flight velocity, chord length and wing area, respectively. L, D and M
are lift, drag and pitch moment; CL, CD, CM and CX_root represent lift coefficient, drag coefficient, pitch 
moment coefficient and the coefficient of moment around the wing root, respectively.
Mesh model is established as C-H type shown in fig.2 considering of the airfoil. The results form 
validation on the applicability of the mesh model (shown in fig.3 and table 1) are that the radius of the 
computational boundary is adopted 40c, the mesh density is 5106× and y+=2.
Fig. 2 mesh model
Table 1. Effect of the density of mesh on aerodynamics
Angle of attack 5° 10°
Density of mesh 51052 ×. 5106× 61041 ×. 51052 ×. 5106× 61041 ×.
CL 0.419529 0.427108 0.427273 0.753884 0.764901 0.76805
CD 0.031526 0.030489 0.03078 0.081998 0.077686 0.077563
Fig.3. The result of comparison with ref. [5]
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3. Result and analysis
3.1. Flight conditions
The study focus on takeoff/landing of aircraft, and mach number Ma, height H, density of air ρ , 
statics temperature T, viscosity µ , are listed in table 2
Table 2. Flight conditions
Height
(m)
Mach number
(Ma)
Sound speed
(m/s)
Static pressure
(Pa)
Density
(kg/m3)
Static temperature
(K)
Viscosity
(ms/kg)
0 0.24 340.1 101325 1.2248 288.2 1.789×10-5
3.2. The effect of flaps on flight loading
This section consists of three parts: the effect of flap deflection angle, flap area and different flap 
layout on flight loading in takeoff and landing. Discussion in detailed is as follows.
3.2.1. The changes in deflect angles 
The change of flight loading varied with the deflection angle (5°, 15°, 20° and 40°) is discussed for
Case 1 model. Fig.4 gives the aerodynamic forces and moment in different deflection angle.
Fig. 4 Flight loading in different deflection angle
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Seen in fig.4A, it is obvious that the slope of the CL~α curve nearly is different constant in different
flap deflection. Lift increases with flap under the same angle of attack compared with non-flap model.
CLmax in case of 40° flap deflection is 14.43% larger than that in case of non-flap. The high-lift device 
(flap) makes the angle of attack in takeoff reduced 3.12° (from 7.17° to 4.05°) in case of 40° flap. Stall 
angle of attack are almost not changed compared with the case of non-flap (about 12°) except for the case 
of 40° flap (about 10°, caused by separate flow ahead).
It is shown in Fig.4B that drag coefficient of the same angle has been increased by 3% to 63% with the 
increase of deflection angle of flap (the range of angle of attack is from 3° to 15°). Table 3 gives drag 
coefficient and pitch moment coefficient of different deflection of flap in takeoff and landing. It is 
indicated that drag coefficient changes slightly in small deflection of flap because the angle of attack 
becomes smaller in takeoff. The pitch moment coefficient mainly caused by the larger deflection of the 
flap makes controllability and safety worse.
In addition, with the advantage of high lift device (flap), angle of attack becomes smaller in
takeoff/landing in the same lift, which causes the local CL along span wise and affects the safety of 
structure also. Different lift coefficients along span wise in takeoff and landing are shown in table 4.
In view of table 3 and table 4, with the increasing of the deflection of flap, local lift coefficient in 
position of flap is larger and reaches the maximum at 20° deflection. At this time, flap burdens heaviest
loading, but the other locations suffers smaller. This puts forward higher request for the structure 
intention of flap. Loading of flap at 40° deflection is smaller than that at 20° deflection, due to the large
deflection angle leading to separate flow and dissipation of loading.
Table 3. Drag coefficient and pitch moment coefficient of different deflection of flap in takeoff/landing
Model 0 5 15 20 40
alpha (deg.) 7.17 6.50 5.60 5.10 4.05
CD 0.0478 0.0474 0.0476 0.0491 0.0648
CM 0.213 0.227 0.255 0.269 0.294
Cx_root -0.688 -0.713 -0.712 -0.714 -0.718
Table 4 Distribution of local lift coefficient along span wise in different deflection of flap in takeoff and landing
Location 
of span
0.8% 21% 31% 39% 43% 81% 91% 100%
0 0.01105 0.01235 0.00949 0.01012 0.00990 0.00825 0.00604 0.00455
5 0.00748 0.00882 0.01109 0.01648 0.01646 0.00997 0.00712 0.00548
15 0.00990 0.01167 0.01126 0.01859 0.01869 0.00940 0.00681 0.00514
20 0.00957 0.01143 0.01120 0.01948 0.01977 0.00914 0.00656 0.00489
40 0.00893 0.01094 0.01103 0.01682 0.01721 0.00864 0.00605 0.00438
Above all, lift coefficient of 20° deflection increases significantly with almost unchanged stall angle of 
attack and coefficient of drag increasing less than 5%. So, this position of the flap fits for takeoff. When 
landing, we adopt 40° deflection to obtain considerable drag to shorten the distance of the slide (increase 
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nearly 40%). The following analysis will focus on the loading of 20° and 40° deflection of flap for takeoff 
and landing respectively.
3.2.2. The changes in flap area
Takeoff/landing loading of Case 1 is analyzed by changing the axis of deflection to 0.2c and 0.3c apart 
from trailing edge. Fig. 5 gives the aerodynamic forces in different flap area.
Fig.5 Flight loading in different flap area 
There are small gains in lift coefficient and a apparent rise in drag coefficient with the increasing of the 
area seen in fig.5A,. It is not beneficial to optimization takeoff performance with increasing flap area in 
chord wise (deflection of 20°). From fig.5B, when landing (deflection of 40°), the drag coefficient 
increases by 75% with the increasing of area which attaches much importance to the safety. Table 5 gives
the drag coefficient, pith moment coefficient and the moment coefficient around wing root varied with
flap area. Obviously, the rise of pith moment coefficient is clear and it is hard to control aircraft. 
Otherwise, the distribution of loading along span wise in different flap area is shown in table 6.
It is shown that the lift increases in position of flap and decreases in the other locations when 
increasing flap area along chord wise. Through comparing the moment around wing root (table 5), it will 
not threaten the safety much as changing little with the increasing of the flap area (about increase 3.7% to 
6.6%).
Table 5. Drag and moment coefficient in different flap area
Condition Takeoff/landing takeoff landing
alpha (deg.) 7.17 5.10 4.72 4.05 3.43
Location of axis non 0.2c 0.3c 0.2c 0.3c
CD 0.0478 0.0491 0.0539 0.0648 0.0838
CM 0.213 0.269 0.276 0.294 0.292
Cx_root -0.688 -0.714 -0.723 -0.718 -0.733
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Table 6. Lift coefficient of different area at takeoff angle of attack
Location of span 0.8% 21% 31% 40% 44% 81% 91% 100%
0 0 0.0111 0.01235 0.00949 0.01999 0.00982 0.00825 0.00604 0.00455
20
0.2c 0.0096 0.01143 0.0112 0.00981 0.00991 0.00914 0.00656 0.00489
0.3c 0.0064 0.00795 0.01049 0.02180 0.01469 0.00897 0.00618 0.00455
40
0.2c 0.0089 0.01094 0.01103 0.02567 0.0171 0.00864 0.00605 0.00438
0.3c 0.0061 0.00771 0.01032 0.02822 0.01891 0.00877 0.00585 0.00417
3.2.3. The changes in layout of the flap 
The effect of two different flap layouts described above as Case 1 and Case 2 on flight loading is
analyzed and the results is shown in Fig.6. By analyzing fig.6A we can see, different flap layouts have an 
obvious effect on lift coefficient. When takeoff, the CLmax of two flaps layout is increased 17.3% than that 
of non-flap, but pitch moment increases proximately by 50% in same case. It is shown in Fig.6B that, 
when landing, the drag coefficient of two flaps layout increases obviously (almost 54%, table 7), but the 
pitch moment unusually increases nearly 50% also, which is unacceptable and will affect the safety of 
landing seriously. However, it’s different from above that it will improve the safety of the structure when 
changing the layout of the flap (the moment around wing root becomes smaller, shown in table 7).
Table 7 Drag and moment coefficient in different flap layouts in takeoff and landing
Condition take off/landing takeoff landing
alpha (deg.) 7.17 5.10 3.67 4.05 2.19
Different layout non one flap two flaps one flap two flaps
CD 0.0478 0.0491 0.0539 0.0648 0.0838
CM 0.213 0.269 0.276 0.294 0.292
Cx_root -0.688 -0.714 -0.688 -0.718 -0.671
Fig. 6 flight loading in different flap layouts
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3.3. The changes in structural and flight safety
On the basis of above analysis, flight loading is changed by different layout of flap in takeoff and 
landing. Then, it is obvious that the angle of attack, pitching moment and bending moment around the 
wing root for BWB with flap are different from that for BWB without flap as lift is a constant (balanced 
flight). As known as equipped with a flap makes lift increased and angle of attack decreased. The flight 
safety is improved in takeoff. But pitching moment and bending moment around the wing root become 
larger due to the changes of flight loading distribution in the wing surface. The larger pitching moment 
makes longitudinal stability and control worse and larger bending moment makes the wing structure face 
the risk of failure. In addition, the airworthiness will have to be re-evaluated because of the use of flaps 
according to CCAR25.145(a)(b), 25.335(e), 25.345 and 25.457. These factors affected safety must be 
considered enough before the flaps are used in BWB.
4. Conclusion
It is obviously that effect of the configuration of flap on BWB civil aircraft flight loading during
takeoff and landing. Based on above analysis about flight loading varied with the flap deflection, area and 
the layout in takeoff and landing, it is found the existence of flap makes the angle of attack smaller in 
takeoff and landing and aerodynamic forces and moment larger. In addition, it can change the loading 
distribution along span wise of the wing and affect the structural safety. Especially, increased pitching
moment can make flight safety worse in takeoff and landing. It should be attention in flap design of BWB 
civil aircraft. In some cases, it is important that the function of flap is to improve the drag significantly 
and reduce the distance of taxiing benefit to safety in landing. The airworthiness will have to be re-
evaluated before the flaps are used in BWB on basis of the structural and flight safety considerations 
according to CCAR25.
References
[1] Wu Gengfu. Analysis of the world Recent Civil Aviation Flight Safety Situation[R].Civil Aviation 
Economic &Technology, No 155, 1994.11(in Chinese)
[2] Li Fuhai, Xie Zinan. Analysis and precaution of the law of the civil aircraft accidents and incidents 
in landing [R].Journal of Civil Aviation Flight University of China.Mar.2008, Vol.19 No.2;3-7.(in 
Chinese)
[3]CCAR-25.part B, Performance standers: Takeoff. 2008.
[4]PORTSDM MA，PAGE MA, LIEBECK RH. Blended wing body analysis and design [R]. AIAA 
Paper 1997-2317,1997.
[5]Liu Xiaojing, Wu JiangHao, Zhang Shuguang. Aerodynamic design and optimization of the Blended 
wing body aircraft for 250 passengers. ACTA AERODYNAMICA SINICA [A]. Vol.29,No.1:78-84.(in 
Chinese)
[6]Xiang Yang, Liu Xiaojing, Wu Jianghao. The Effect of  Winglets for the Blended Wing Body Civil 
Aircraft. The Proceedings of 2010 Asia-Pacific International Symposium on Aerospace Technology [A]. 
Vol.1:104-107.
[7] Zhang Xijin, Aircraft Design Manual[E].Chapter-2:69-82.(in Chinese)
